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Abstract: Aging is associated with alterations in thoracolumbar curvatures and respiratory 
function. Research information regarding the correlation between thoracolumbar curvatures and 
a comprehensive examination of respiratory function parameters in older adults is limited. The 
aim of the present study was to examine the correlation between thoracolumbar curvatures and 
respiratory function in community-dwelling older adults. Thoracolumbar curvatures (thoracic 
and lumbar) were measured using a motion tracker. Respiratory function parameters such as 
lung function, respiratory rate, respiratory muscle strength and respiratory muscle thickness 
(diaphragm and intercostal) were measured using a spirometer, triaxial accelerometer, respira-
tory pressure meter and ultrasound imaging, respectively. Sixty-eight community-dwelling older 
males and females from Kuala Lumpur, Malaysia, with mean (standard deviation) age of 66.63 
(5.16) years participated in this cross-sectional study. The results showed that mean (standard 
deviation) thoracic curvature angle and lumbar curvature angles were −46.30° (14.66°) and 
14.10° (10.58°), respectively. There was a significant negative correlation between thoracic cur-
vature angle and lung function (forced expiratory volume in 1 second: r=−0.23, P,0.05; forced 
vital capacity: r=−0.32, P,0.05), quiet expiration intercostal thickness (r=−0.22, P,0.05) and 
deep expiration diaphragm muscle thickness (r=−0.21, P,0.05). The lumbar curvature angle 
had a significant negative correlation with respiratory muscle strength (r=−0.29, P,0.05) and 
diaphragm muscle thickness at deep inspiration (r=−0.22, P,0.05). However, respiratory rate 
was correlated neither with thoracic nor with lumbar curvatures. The findings of this study suggest 
that increase in both thoracic and lumbar curvatures is correlated with decrease in respiratory 
muscle strength, respiratory muscle thickness and some parameters of lung function. Clinically, 
both thoracic and lumbar curvatures, respiratory muscles and lung function should be taken into 
consideration in the holistic management of respiratory function among older adults.
Keywords: aging, lung function, respiratory muscle thickness, thoracolumbar curvatures
Introduction
The world’s population is aging. On this basis, Malaysia will be categorized as an aging 
nation over the next one decade or so. In 2008, the census for Malaysia showed that 
7% of its population were aged 60 years and above,1 and by 2020, it will increase to 
9.5% of the country’s population.2 The growth of an aging population will exhaust 
the health care system as there will be an increase in the health care financial and 
clinical resources.3
It is well documented that physiological changes take place in multiple organs with 
aging that include respiratory system4–7 and thoracolumbar curvatures.8–11 The correla-
tion between respiratory function and thoracolumbar curvatures has been discussed in 
the literature.12–15 A significant correlation between only lumbar curvature angle with 
forced vital capacity (FVC; r=−0.65), %FVC (r=−0.63) and forced expiratory volume 
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(FEV; r=−0.50) was reported among community-dwelling 
older females.12 In contrast, a significant negative correlation 
between thoracic curvature angle and percent predicted FEV 
in 1 second (%FEV
1
; r=−0.713, P=0.03) with a significant 
reduction in lung function was observed in another study.14
In most studies, correlation was limited to lung function 
and thoracic curvatures.13–16 The information regarding the 
correlation between thoracolumbar curvatures (both thoracic 
and lumbar curvature) and a comprehensive examination 
of respiratory function (lung function, respiratory muscle 
strength and thickness) in older adults is limited. This 
information is important to assist clinicians for effective 
management and evidence-based practice.
Therefore, this study aimed to examine the correlation 
between thoracolumbar curvatures and respiratory function 
among community dwelling older adults.
Materials and methods
Ethical approval was obtained from the Research Ethical Com-
mittee of Universiti Kebangsaan Malaysia (NN-110-2011).
recruitment of participants
Sixty-eight participants were recruited via phone calls and 
they were selected randomly using tables from the name 
list of members at a senior citizen club in Kuala Lumpur. 
Interested participants were given an appointment date for 
a screening session and were screened for inclusion and 
exclusion criteria. Participants were included in the study 
if they were $60 years old, able to understand and follow 
commands in Malay or English language or both, had a body 
mass index (BMI) in the range 18.5–30.0 kg/m2 and demon-
strated lung function test with FEV
1
/FVC $70% predicted. 
Participants were excluded from the study if they were current 
or former smokers (smoked at least 100 cigarettes in their 
lifetime but currently not smoking), had any known history 
of neurological dysfunctions, spinal deformities, cognitive 
impairment, cardiorespiratory diseases, previous spinal 
surgery, serious trauma leading to fractures or dislocation 
of the spine or any pathologies such as tumors, spinal infec-
tion, tuberculosis, inflammatory joint disease, rheumatoid 
conditions, spondylolisthesis, spondylolysis and had unstable 
medical conditions.
study procedure
Prior to the tests, written and verbal information regarding 
the study was provided and informed written consent was 
obtained from all participants. Participants’ demographic 
information that included gender, age, weight and height 
was taken and BMI was calculated. Participants filled their 
physical activity levels using modified Baecke physical 
activity questionnaire.
Participants were required to undergo lung function test 
using a spirometer (Cosmed Pony FX, Rome, Italy), sitting 
in an upright position comfortably on a chair with a nose clip 
attached and head slightly elevated. This test was performed 
based on the recommendations by the American Thoracic 
Society17 and the parameters measured were FEV
1
, FVC 
and FEV
1
/FVC. Respiratory muscle strength was measured 
using a portable respiratory pressure meter (Micro RPM-
Micro Medical Limited, Kent, UK) and included maximal 
inspiratory pressure (MIP) and maximal expiratory pressure 
(MEP). Participants were requested to sit upright comfortably 
on a chair with a back rest. MIP was measured at the level of 
residual volume, lung empty, and MEP was measured at the 
level of total lung capacity, with lungs full. The technique 
was repeated five times and participants were allowed to rest 
for 1–2 minutes in between tests. The mean value of the five 
readings was taken as the measurement.
A 2g triaxial accelerometer (Model 2460; Silicon 
Designs, Inc., Kirkland, WA, USA) was placed directly on 
the skin over the sternum (at xiphoid bone) on the area of 
the chest of the participant to assess respiratory rate. Quiet 
breathing effort was recorded at a sampling frequency of 
10 Hz for 60 seconds with the participant sitting and leaning 
back on a chair and arms placed on his/her thighs. Prior to the 
test, participants were advised and instructed not to move or 
speak and breathe normally throughout the test.
Thoracolumbar curvature angles were measured and 
data were recorded using electromagnetic motion tracking 
system (Patriot; Polhemus, 40 Hercules Dr, Colchester, 
VT, USA) and performed as reported in an earlier study.8 
Thoracolumbar curvature angles were measured with par-
ticipants standing in a relaxed position and with their feet 
apart to shoulder width. The measurement of thoracolumbar 
curvatures angles was repeated three times consecutively for 
each participant. The mean value of the three recordings was 
taken as the measurement.
Within the same week, participants attended a session of 
diaphragm, and intercostal muscle thickness was measured 
using real-time B-mode ultrasonography. A 7.0–10.0 MHz 
ultrasound linear probe (Siemens Acuson X300; Siemens 
Medical Solutions, Munich, Germany) was used throughout 
the procedure with the participants sitting on a chair with back 
rest. Three images at the end of quiet and at the end of deep 
breathing were taken by the same operator without removing 
the ultrasound probe. The images were saved and analyzed 
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later using MATLAB® (The Mathworks Inc., Natick, MA, 
USA) with measurement rounded to 0.10 cm. The mean value 
from the three images was taken as the measurement.
To capture diaphragm muscle images, ultrasound probe 
that was coated with ultrasound coupling gel was held 
perpendicular to the chest wall in the 8th or 9th right inter-
costal space, between the antero- and mid-axillary lines. 
Diaphragm muscle thickness was measured by taking five 
points along the zone of apposition between the outer layer 
of pleural line and the inner layer of peritoneal layer of the 
diaphragm muscle. The mean value of 5 points was used as 
the diaphragm muscle thickness for each image.
Imaging of intercostal muscles was performed with the 
ultrasound probe that was coated with ultrasound coupling gel 
placed perpendicular to the skin surface at the 8th posterior right 
intercostal space at medial right scapula line. Measurement of 
intercostal muscles was made nearest to 0.10 cm of 5 points 
along the muscle fiber between the outer layer and the inner 
layer of intercostal muscles. The mean value of the 5 points was 
used as the intercostal muscle thickness for each image.
Data analysis
Descriptive statistics were used to summarize partici-
pants’ characteristics and variables measured regarding 
respiratory functions and thoracolumbar curvature angles. 
The correlation between thoracolumbar curvature angles 
and respiratory function parameters was analyzed using 
Pearson’s correlation test (for normally distributed data) and 
Spearman’s rank test (for not normally distributed data).
Results
Participants’ characteristics are summarized in Table 1. Partici-
pants were between 60 and 78 years’ old. The mean thoracic 
curvature and lumbar curvature angles were 46.30 (14.66) and 
14.10 (10.58) degrees, respectively, as shown in Table 2.
The summary of the respiratory muscle strength, respi-
ratory rate, lung function and respiratory muscle thickness 
results is shown in Table 2. Mean respiratory rate was 
19.62 breaths per minute (bpm). Mean values for MIP and 
MEP and all lung function parameters were above 80% 
of their predicted values. Most of the respiratory function 
parameters for male participants were higher compared to 
those for female participants. For respiratory muscle strength 
pressures, none of the participants were below the lower 
limit of the normal range. Diaphragm muscle thickness was 
86% thicker at the end of deep inspiration than at the end 
of quiet inspiration. Differences in diaphragm thickness 
during quiet and deep breathing were 0.08 cm and 0.33 cm, 
respectively. During both types of breathing activities (quiet 
breathing and deep breathing), diaphragm muscle thickness 
at the end of expiration was similar (0.21 cm). Diaphragm 
thickening ratio during deep breathing was almost two 
times the ratio during quiet breathing. During both quiet 
and deep breathing activities, intercostal muscle was thicker 
at the end of expiration (0.62–0.65 cm) than at the end of 
inspiration (0.52–0.54 cm).
Table 1 Characteristics of participants
Variables Mean (standard 
deviation)
Mean age (years) 66.63 (5.16)
Mean BMI (kg/m2) 25.04 (3.01)
gender
Female, n=48 (%) 70.60
Male, n=20 (%) 29.40
Physical activity level (score) 7.45 (0.95)
Abbreviation: BMI, body mass index.
Table 2 Mean and standard deviation of thoracolumbar curva­
tures angle, respiratory muscle strength, respiratory rate, lung 
functions parameters and respiratory muscles thickness
Variables Mean (standard 
deviation)
Thoracic curvature angle (°) −46.30 (14.66)
lumbar curvature angle (°) 14.10 (10.58)
Mean respiratory rate (bpm) 19.62 (3.88)
rMs
Percentage predicted MIP (%) 84.74 (30.96)
Percentage predicted MeP (%) 93.09 (35.66)
Predicted rMs 88.91 (29.66)
lung function (%)
Predicted FeV1 85.75 (26.11)
Predicted FVC 80.31 (16.27)
FeV1/FVC 85.26 (7.25)
Diaphragm muscle thickness (cm)
end of quiet inspiration 0.29 (0.07)
end of quiet expiration 0.21 (0.05)
end of deep inspiration 0.54 (0.14)
end of deep expiration 0.21 (0.05)
Quiet thickening fraction 1.38
Deep thickening fraction 2.57
Intercostal muscle thickness (cm)
end of quiet inspiration 0.54 (0.11)
end of quiet expiration 0.62 (0.13)
end of deep inspiration 0.52 (0.11)
end of deep expiration 0.65 (0.14)
Quiet thickening fraction 0.87
Deep thickening fraction 0.80
Notes: Thoracic curvature angle (thoracic kyphosis) is reported as negative, 
reflecting a convex curvature, whilst, lumbar curvature angle (lumbar lordosis) is 
reported as positive, reflecting a concave curvature.
Abbreviations: MIP, maximal inspiratory pressure; MeP, maximal expiratory 
pressure; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
rMs, respiratory muscle strength.
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functions among older adults. In the present study, we found 
that thoracic curvature was correlated significantly with lung 
functions (FEV
1
 and FVC) and respiratory muscle thick-
ness (diaphragm thickness during deep expiration [DDE]). 
However, lumbar curvature was significantly correlated with 
respiratory muscle strength (MIP and MEP) and diaphragm 
muscle thickness during deep inspiration. These findings 
demonstrated for the first time that an increase in both tho-
racic and lumbar curvatures was correlated with decrease in 
respiratory muscle strength, respiratory muscle thickness and 
some parameters of lung functions.
Thoracic curvature angle among older adults using a 
similar method was reported to be 46.95 (11.41) degrees and 
significantly larger compared to younger adults.8 Consistent 
with the literature, the results of thoracic curvature angles 
among older adults in the present study suggest an increase 
in thoracic curvature with aging. Asymmetrical degenerative 
discs, reduced musculature tone, intrinsic hypermobility and 
endocrine-related collagen weakening are some of the possible 
reasons for increased thoracic kyphosis among older adults.9,18 
Lumbar curvature angles in the present study were 52% larger 
compared to the study by Singh et al.8 This might be due to the 
larger number of females in this study. Larger lumbar curva-
ture angles in females have been reported previously.19
The mean respiratory rate (19.62 bpm) measured using 
a triaxial accelerometer in the present study was found to 
be in the normal range (16–24 bpm) for older adults.20 In a 
previous study, a 6%–13% increase in respiratory efforts was 
reported in older adults (age 70 years and above).21 Mean 
MIP and MEP values were used as tools of measurements 
for respiratory muscle strength among older adults and the 
results were 63.15 cm H
2
O and 76.13 cm H
2
O, respectively. 
These results show higher values, suggesting higher respira-
tory muscle strength compared to previous studies among 
older adults.5,22,23 This may be due to the fact that participants 
in the present study were represented by both males and 
females and were younger active community-dwelling older 
adults. In the study by Simões et al, the participants were 
older females from residential institutions.22
The data in the present study showed that lung func-
tions among older adults were ~20% lower compared to a 
sedentary younger population in Thailand.24 These results 
are expected as the chest wall becomes stiffer in relation 
to calcification and other structural changes within the rib 
cage with aging.7,25 As a result, reduction in lung compli-
ance, diminished lung elastic recoil and increased functional 
residual capacity among older adults26 decreased the vital 
capacity and expiratory flow rate.4
Table 3 Correlation between thoracolumbar curvatures and 
respiratory functions
Respiratory 
functions
Thoracic 
curvature
Lumbar 
curvature
r/rs P-value r/rs P-value
respiratory rate −0.136 0.134 −0.107 0.193
lung function test
FeV1 −0.232 0.029* 0.057 0.322
FVC −0.317 0.004* −0.021 0.433
FeV1/FVC (%) 0.15 0.111 0.053 0.333
MIP (% predicted) 0.129 0.408 −0.244 0.022*
MeP (% predicted) 0.023 0.427 −0.284 0.010*
Diaphragm thickness
DQI −0.137 0.133 −0.128 0.150
DQe −0.193 0.057 −0.149 0.112
DDI −0.163 0.093 −0.222 0.035*
DDe −0.209 0.043* −0.051 0.241
Intercostal thickness
IQI −0.183 0.067 −0.022 0.429
IQe −0.215 0.039* −0.013 0.459
IDI −0.182 0.068 −0.091 0.230
IDe −0.151 0.110 0.011 0.464
Note: *Significant level at alpha, P,0.05.
Abbreviations: r, Pearson’s correlation; rs, spearman’s rho; DQI, diaphragm thick­
ness during quiet inspiration; DQe, diaphragm thickness during quiet expiration; 
DDI, diaphragm thickness during deep inspiration; DDe, diaphragm thickness 
during deep expiration; IQI, intercostal thickness during quiet inspiration; IQe, 
intercostal thickness during quiet expiration; IDI, intercostal thickness during deep 
inspiration; IDe, intercostal thickness during deep expiration; MIP, maximal inspira­
tory pressure; MeP, maximal expiratory pressure; FeV1, forced expiratory volume in 
1 second; FVC, forced vital capacity.
Correlation results between thoracolumbar curvatures 
and respiratory functions among participants are shown in 
Table 3. Lung function parameters had a significant (P,0.05) 
negative correlation with thoracic curvature angles (FEV
1
: 
r=−0.232; FVC: r=−0.317). No significant correlations were 
demonstrated between lung function parameters and lumbar 
curvature. Lumbar curvature angle was significantly corre-
lated with MIP (r
s
=−0.244) and MEP (r
s
=−0.283) (percentage 
predicted) with weak to moderate negative correlation.
Significant correlation was only shown at deep breathing 
for diaphragm muscle thickness with lumbar curvature and 
intercostal muscle thickness during quiet expiration with 
thoracic curvature. There was a significant (P,0.05) negative 
correlation between lumbar curvature and diaphragm 
muscle thickness during deep inspiration, while thoracic 
curvature was significantly correlated with diaphragm muscle 
thickness during deep expiration and with intercostal muscle 
thickness during quiet expiration.
Discussion
The aim of the present study was to examine the correlation 
between thoracolumbar curvatures and respiratory and lung 
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The present data also indicated that diaphragm muscle 
thickness during quiet breathing was within the normal range 
in comparison to the data reported previously.27–29 Although 
diaphragm muscle thickness in the present study was within 
the normal range, it was still less in normal conditions of 
quiet breathing (0.33 cm) as suggested in a recent study.30 
In addition to aging process, a decline in physical activity of 
the participants in the present study could have contributed to 
the less than normal values. In a study by Summerhill et al, 
it was found that the active group had twice the diaphragm 
muscle thickness compared to the inactive group (less than 
three exercise sessions per week).31
The intercostal muscle thickness was found to be 0.52 cm 
during quiet inspiration and 0.62 cm during quiet expiration. 
This suggests that the intercostal muscles are thicker during 
quiet expiration. This result is supported by previous reports 
that intercostal muscles were thicker during expiration com-
pared to inspiration.32 These results are possible due to the 
fact that the mean cross-sectional area of expiratory internal 
intercostal muscles is larger compared to inspiratory internal 
and external intercostal muscles.33
The present study provides a comprehensive correlation 
between both thoracic and lumbar curvatures and respiratory 
function that includes lung and respiratory muscle function. 
Lumbar curvature was found to be significantly correlated 
between diaphragm muscle thickness during deep inspira-
tion and respiratory muscle strength. Diaphragm muscle is 
the main muscle of inspiration34,35 and the main attachment 
of the diaphragm muscle is at the lumbar spine.12 Thus, a 
correlation between diaphragm muscle thickness and lumbar 
curvatures may be possible.
Measurements of respiratory muscle strength in the pres-
ent study can be considered as gross muscle strength that 
included diaphragm and intercostal and accessory muscles. 
It may also have included trunk and abdomen muscles, espe-
cially the transverse abdominal muscles that are known to be 
involved in respiratory activities.36 Contraction of transverse 
abdominal muscles results in increased intra-abdominal pres-
sures, which may straighten the lumbar spine.37 This may be 
another reason for the correlation between respiratory muscle 
strength and lumbar curvature angles.
In addition, there was a significant negative correlation 
between thoracic curvature angles and lung function. Any 
increase in thoracic curvatures can result in a decrease in 
lung volumes due to decrease in anterior–posterior diameter 
of the chest wall.16 Thoracic curvature was significantly 
associated with intercostal muscle thickness during expira-
tion (r=−0.215, P=0.039) but not during quiet inspiration. 
This can be explained by the fact that primary action of 
inspiration is by parasternal intercostal muscle and expiratory 
action is a passive activity after inspiration. The expiratory 
internal intercostal muscle runs obliquely and dorsally from 
each rib to neighboring ribs below, and during contractions 
these muscles act to lower the ribs.38 Note that the ribs are 
attached to the thoracic vertebras and the origin and inser-
tion of intercostal muscles are at the ribs. Thus, changes in 
thoracic curvatures can be associated with the intercostal 
muscle thickness. However, the interaction was demonstrated 
only with thickness of intercostal muscles during expiration, 
probably because expiratory intercostal muscle mass is larger 
compared to inspiratory intercostal muscles.33
In addition, thoracic curvatures were found to be correlated 
with diaphragm thickness during deep expiration (r=−0.209, 
P=0.043) but not during deep inspiration (r=−0.163, 
P=0.093). This can be explained by the action of hemidi-
aphragm and abdominal muscles. In older adults, to maintain 
required lung volume, the diaphragm needs to be lower and 
more flat to compromise the rigid chest wall.39 Moreover, the 
action of abdominal muscles during deep expiration leads to 
inward pulling of the abdominal wall.40 This results in a lower 
and more flattened diaphragm.40 No correlation was found 
between thoracolumbar curvature angles and respiratory 
rates. It is probably because respiratory rate is largely related 
to ventilation efforts such as tidal volume, minute ventilation 
and elastic recoil. These parameters are not directly linked 
to thoracolumbar curvatures.
This study has contributed to the literature in two ways. 
First, this study has demonstrated that those increases in both 
thoracic and lumbar curvatures were associated with decrease 
in respiratory muscle strength, respiratory muscle thickness 
and some parameters of lung functions. The present study 
results suggest that improvements in lung function among 
older adults, thoracic and lumbar curvatures, respiratory 
muscle strength and mass should be considered. This study 
has also provided a novel, innovative and reliable method 
of assessing respiratory rates using an accelerometer and 
respiratory (diaphragm and intercostal) muscle thickness 
using ultrasound imaging. These techniques will be useful 
for both clinical and research settings as these are noninva-
sive in nature.
The limitation of the present study was that the data 
collected were confined at a single citizen club at a subur-
ban area. Hence, the study results may not be applicable to 
community-dwelling older adults living in rural areas and to 
older adults living in residential institutions. The difference 
in the levels of physical activity and lifestyles among older 
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adults living in different geographical areas can influence 
the results.
Conclusion
In summary, this study has provided a comprehensive picture 
of the association between thoracolumbar curvature, respira-
tory and lung functions among older adults. Also, an increase 
in thoracolumbar curvatures was correlated with decrease in 
respiratory muscle strength, respiratory muscle thickness and 
some parameters of lung functions. Clinically, both thoracic 
and lumbar curvatures, respiratory muscle and lung functions 
should be taken into consideration in the holistic management 
of respiratory functions among older adults. It is sincerely 
believed that the information from this study will assist in fur-
ther improvements in clinical management of thoracolumbar 
curvature changes and respiratory functions in older adults.
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